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Al)st,ract

‘J’llc ]Jro]msd  Small Solar 1 ‘ml~c nlissiml features a c]osc a])])roac]l to tllc

SU]) wit,]) a ]mrillclioll  of 4 1/.,. Carlm]] ]Ilolcculcs clllittd  fro]ll tl]c sj)acccraftl’s

]Icat sllicld will  lxxomc  ionizd  l.ry clcctro]] ill] )act a]ld ])llotc)io]liza  tie]]. ‘J’llc

]lcwly crcatcd  imls a]ld dcctrom  nlay go)erat  c Clcctl]()]]lap)]]ctic  al]d dwtm-

static ]Jlawna  waws I.mtwml l,?~ ( 1 of). ) a]]d V] ,]~ (().2 flcp+ ) wllicll arc ]msildc

sources of int$erfcrcncc  wit]] ill-situ ])l~Slllil lll(’:lSll]”Cll]  (:lltS. ‘1’0 llll(lcrstal]d tl]is

Imsib]c i]}tcrfercncc,  wc haw ]mforl]ld Colll])utcr  silnulatim~s  to modd  tllc

{:lcctl]c)]]]agl]ctic  a]]d dcctrostatic  fic]d disturl  ml]ccs causal ly tl]c ])icl{-111) l)ro-

ccss of Cj imls a]ld related dcctrm]s  as tllc s])acccraft flies across tl]c cxtcrllal
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solar mm al lnagllctic field. in order t o study  tllc wave ljar(.iclc illtcractiom,

wl)icll illcludcs illllolllc)gcll(:itics (of  tllc @ ) I)lasl)la) and kilictic cfl”ccts,  wc

usc the clcctloll~agl~ctic  )mrticle code calld Kyoto lJl]ivmity  ltlcct mlnagllct,ic

I’al’tidC (hdC! (K~!h~]’()) [~4dS?l?T10t0  UTld  ~)?ll?l?>(l, 1!384]. WC find that  tlhcre

arc no substantial IJasma waves gcnoratd ljy tllc clcc.trml and ion l)ickul).

‘J’]Ic  dcct,rk fidd near the sj)acccraft is also sll]all. ‘1’1111s, tll(!lc  Slloul(l  1X!

no intcrfcrcnm  for Small Solar l’robe. We will also give a filst-l)lillcil)lcs

al.p;ulncllt  why 1 mw 1+’rcqucmy instabilities sllollkl  ~lot mw.

1 Introduction

KIIowlc(lgc alxmtl  the solar corona, especially tllc rcp;ioll  froll) 1 to 30 I{,q,  is quite  lilnited.

l’lasma  dcllsitlics,  tcmpcratlum  and vdocitics  arc l~mclltly  dctcmillcd  froln remote o~)-

tlical  and radio l]lcaslllclllcl~ts,  as wdl  as l)y tllcorctica] lnodelillp,. ‘llIIc olmrvatio]w  ald

tllcory of tlllc solar corolla  suggest tllc ilnlmrtallcc  of corolla] IIcatillg  and accdcratio]]  ill

tllc outer  lmtknls of t)llc corolla, I)utl  tllc ltaturc  of this IIcatil]$]  al)d acceleration is lmorly

understood at tlliis time. Small Solar 1 ‘robe will I)c 1 llc first sl)acccraft to lncasuw  tllc ill

situ l)las]na,  magnetic fidd,  l)laslna waws and cllcrp;ctic lmrticlc l)rolmrtics at 41(3. Otllcl

illstrulncl]ts  tlo l.)c carried on tllc sl)acccraftl  arc all x-ray detector  and a coronal imagcr.

‘J’llcsc  llcar solar obscrvatliolls  arc tllc only way tllc I)mwscs that llas’t tl[c ul)lm corolla

aIld accclcmtcd  solar can  Illali(! nlajor  lmogrms.

‘J1l]c curmlt S]nall Solar  l’rol.Jc lnissioll  dcsip;ll  illcllldcs  a c:lll)()]l-c:~rl)()ll  llmt sllicld

t o  IMdcct  tlllc  i~lstlrulncntls  frmn trllc intmsc solar  ra(liatioll. Ilccallsc tllc llcat shield

into the solar
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arc tlllml  iol)izd  by both] solar radiatliml and clcctlrml imlmcl iollizatlioll. ‘J1llC  Ilcwly

cImt,cd imls and dcctrcms  arc l)ickd  u]) ly tllc solar wind ldasma and IIlafy]ctk  field.

11] tllisl)r(Jccss,  tllcC~-oligill  clcctm]swill  be accclmatd  I)ytllcl,olclltzfolce”  (v~x 13

),]~llcl[~v, lisavcl  ocit)’oft  lllcsl)ac(:craft  rcl:lti~cto  tllcsolt ~l~~ri]l  (l” (v~l,j  -- v~e). T h e

llcwly crcatd clcctjmns  may gcmwatc  dcctlroll  cjdotrm Ilarlmlics  ill the big]] fmqucmcy

regime, j > Qc. ‘J’he C; ims ]ilay bc rcs]xmsiblc fm tl]c go]]cratio]] of low frequency

~~~a~~csllcal”t,llc(;~  ion’s cyclotron  frequency. 'J'llcl)llll)()sc( )ftlllisl Jal)l)cri st()cstlilllat(  :tllc.

dcvlsity  Inodificatiol]  ill tllc vicil]ity  of tllc sl)acmafl  al)d tllc lmtmitial stmcturc  amulld

tll(:sl)ac[}claftl  (tjl]cspacccraftl  haslmm illcllldcd  ill tllislllo(l(:llillp,).  Wcw ill alsocxalllil]c

wl]d,l]cr l)lasma instal.)ilitim  occur and what  waw alnl)litlldus  call k cxlwtcd.

IIdlmaction  ‘lMwml  tlllc  solar wind and ]Icavy l)idilll)  ions Ilas km] t llcorctically  stud-

id l)rwious]y  by lJlall~  authors. G’okk:?L  ct al. [1973] 11:1~’c(~xal]lillc:{l  tll(!stal~ilitycoll(li-

tlioll fortl]lc l~c:~l]l-~~’llistlcr,  alldforthc  k!a~m ion :~collsti(lll  o(lcillt  clacti{)llsil]”  Ihclilnit

?)/c - + O. ‘J’hcy sugp;cst that unstalk  vm;ws wit]] mm groll]) vcloc.ity ill tllc slmcecraft

fralnc call mist Ilcar tllc lcadil]g  Nlgc of tl]c sllo~li  for lll)strcall~ Alfvm)  N!acll  nulnlmx

grcatlcrtl]al]  5.5.

IMm and 7’swuia7ti  [1989]  analyzed tlllc stal)ility of lo~v-frcqllmlcy (:1(’ctrolllagllctic

Ilmdcs  cxcitld  lry coexisting  l)cwhl) im)s a]ld sllmvd that tllc cffcctl  o f  lmltil)lc  ions

oll wave growtlll  dclmlds not only  0]1 tllcir lllass  I)ut also oll tllc 1)11~’sical  nature of t<l]c

wave lllo(l(:sf[)rgi~~cl]  l~adigl’ollll(l  llla:;l!(:tO1)laslll:i  wnlditiolls and rclatiw dcl]sitics. ‘J’llcir

staljility  allalyscs assured all isot, ml)ic l.)aCligl’Olllld  a])d sl)atially  Illliforlll distril)ution  of

licwlwn  ions.

Kojinm d d. [1989], fro]]] l]ulllcrical  silnulatiolls,  fou)ld all(jll-lillcar  col]ll)ctill~;l)  ro-

cm fol’  I{- II1OICIC  waves cxcitcd by water

[1 987] also cxa*nind  tl]c liillCtiC  ~nocmm

groIll) ions llrar  conlcts. Omidi

with solar wind lnass loading; duc
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])icku]) ions. A]though  t]lcy took into accmlllt, tllc dcllsity gradient  llcar tllc COIMtal”~

bow slIocli, they  usd llylwid silnulaticnl  ccJdcs, wliicll treat tllc clmtrons  as a nlassloss

:fluid,  i]) {)l(lclt[ )allalyz(:I,( j\\'l`' le(lllcllc~'clcc  trc)ll~agl)cticlll(  )(lcs,

Active cxlmimcnts  al~d spacwafl  olmn’atimls Ilavc lNCII widdy cm~ductcd  for a

dccadc, ‘1’IIc Actiw hflagllctc)sl)l[c~ic  l’article ‘J’racer lI;xI)lorcI (A M1’”J’E) solar wind ion

rclcasc mission  pm’idd infmnation  ol] tllc illtcractiml  lmti~wll  solar wind and tllc a r -

tificial iol) cloud. G’wnctt d al. [1986] Iqmrtd SllOC1i-liliC  dcc.trostatic  Iloisc associated

with tllc litl)iu]n  ion rdca.sc o]] Sq)tcmlm.  I I , 1984 a]]d 01] S(q)t(vubcl’ 2(1, 1984,  ‘1’h~~

lla~’(!])lcs(~lltc(l  dctlaild  analysis ()fclcctl()staticills  tal)iliti(!sf(Jr\'  flli()llslitllll  lll tol)roton

dm]sitfy ratios. ~’~~’{)-[lilllcl~siollal  structlurc around tflic litjllum  iml cloud  is sti l l  ]lot w]]

ul)dcrstood.  Al)ldicability  of tllcir results to t])c slnall  solar I)rol.x: is also u]]clcar.

Comlnltlcr  s)illlulatims am mlc o f  tllc II)ost lmwrful  lnctllods  to ilwcstigatc  slmtial

I)lasl])a illllolllogcllciticsill  tllcvicillit,y  ofa sl)acccraff. 11] IJ1Occss(’s\\llclc\ta~’c  lmrtic]c

illtcracilimls  IIavc a ]najor  role, a fllll-l)articlc rl(:ctlollla~llctic c.odc  is tlllc  al)lnwlniatc

]Ilctlllod  to use .  Wc alq)ly tl]c KItM1’O cmlc to study  tl]c S]llall %lar l’robe  hcatl  sllicld

outgassing  lm’ljlcm. ]n tlllisl)al)cr \\'c(:xalllillC!  tlljcsl)ac(!claf t('lllilC)lllJ]( :l]tat 41{s wit]) a

f~lll-l)filticlcsil  lllllatliol].  Wcal)ldy a lcalisticlllo(lcl,~vllicll  takcsillto  accoul~t tllecarlmn

outgassing  at a rate of 2.5 mp; s- 1 ( this is scald  ill tllc C.olnl)utcl silllulatimls).

l’ro]l] asclicsof  ollrcc)l  lll)lltcrsilll lllfltiolls,  ~i’(’{l(!t(!]])}ill{!  tllatj  tl]c C? (:lcctlollsclifrllsc

v e r y  ra,l)idly and arc canicd  away fron) tllc sl)acwraf~l. ON tl]c cmltrary,  tllc C; ions

tclld to s t a y  close 10 tlhc satdlitc. ]Imwnw,  ~~’c sl]ould I)lcllt$ioll  t h a t  tllc sl)acccraftl

clwirollmcntl  is lligllly  dclmlld  oll t h e  a]@ lmt~~rml  tllc sl)acmaftf  wlocity vcctfor  ald

tlllc solar wind lnagl)ct)ic fidd. Our sinlulatiwlal  rcsultscxalnillc  diflmult  anglm oftllc

solar wind lnagnctic  field. WC will discuss tllcsc mults  and \\’ill cxl)laill  this  dcIwndcIIcc.

‘J’lIc  colltlmltls  of this  palwr  arc as follmvs. l~ilst, }~’(’(:stil]liltlr~~~  (l(lllsityi  litllc~’icillity
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of tl]c sjmcccraftl ill Scctlion 2. ‘1’1101], we illtlmducc  tl}c silnlllatioll lllodd  ill Scctioll  3. 111

Scctlioll  4, wc lncscntj  our results. WC Su]nlnarim and discuss t IIcsc rcsult)s ill Scctlion  5.

‘\!?(! will ak) ~~])ki]]  why ]J~ }i’~\’(! p;~~])(!~;itlio])  is )]ot (!~))~dd ill S(’dio]l 5. s~di~]~ 6 i s

!IJC su]nlnary  and descrilm  tfllc lad of C; and dcctlroll  illtcrfmllcc  with tllc Small Solar

l’rok lnission.

2 Density Estimation

First, wc cstlimatc  tlhc Ilcutral Cz dmlsity,  pCp, as a ful]ction  of (listal]cc  frolll tllc s])acccraft,

r. ‘J’lJe IIoutlral  Cp l)articlcs  f low

as a fullctfiou  of r is:

isotml)ically  outward frol)~ tllc sl)acmaft.  ‘J’llc density

(1)

wlicrc Q is maw  loss rate of tllc carlml heat diidd  i]] p)lll s– ‘, Jfcj2 is ]nass of Cz ions ill

{;IJI, ?istllc(listlallccflolll  Illlcsl):lccclaftil  )cl)l,al](l If, istllcolltf  lo~f’~’ (~locityofll  c~ltlals

ill cl]l  s‘]. ‘l’llt}iolli~jatioll”  timcof Cp lmrticlrs  at 41{,q is asslllncd tol)c T == 1 . 7 X  1(1’2

S(K!  - ‘ ( Gokktci?l et, d. [1 990]).

for tll]c C; density is estimated

flow of ]Imvly crcat,cd ions with

Assumil]g; a slmcwraft  radius  of 2 ]net w+, all uI)Im ]ilnit

assulnillx ]lo rmkl hy solar wi]ld electric field (ioci,  out

tllcil  illitinl  velocity  1{,):

/
[)<;?.,  ~- ~:)[) l’21{,pc~7f1r (2)

All UIJIXY lilnit for Q is 2.5 x 10-0 gn] s- ‘ and l{, : 1.() x 105 ail s- ] ( G’oldstcin d al

[1989]). ‘Il]c Wilnatcd  ~,icku~, iml dmwity  is gim) i*l IJigllrc 1. ‘J1lIC Inaxilllull]  l)ickul) ion

dcnsitly is about  1.3 x 104 cnl-3 at a distallcc  of 4 x 1 (V cln frolil tllc slmcccraft surf am. l’ig.l

‘J’l]c  solar wind paralnctcrs  at, tllc lwriliclioll  of Sll)all Solar l’rolm, 4 solar radii fmn

tlic mltlcr of tl]c SUII, are dctcnnil]d  frolll solar l)arallletcrs  giwll ill lta7dolIdL [ 1 9 8 9 ] .
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‘J’llcsl)acccraft \’cl(jcityis3101{l]] s‘l. 'J`ll(!  lJ{)ll]illal  \':\l(l(! c)ftllc) ]}:~gl]f:ticfi  cl(l1)Oattliis

distjal)cc lnay k taken as 0.1 Gauss; the solar wind ldasll]a dmsity NT should l~e assumed

‘ 3 ‘I’l Ic clcct,m] t,clnlmat,urc  7; and ion t,clnlmat,ures  7; arc tab to lxlLo l,)c b X 104 Clll .

1061( .rJ’llc A1fvcllslJcc(l tllclcf[)1cis2400k11ts ‘l. ‘J’llcollt\~’t~l(  lsolal\\’il  l(lra{li al” vcloc.ity

\<q,,, of 400” ~]]1 ~;-1 is paralld  to il]e lnagllctic field. Ilsillg tllcsc l)aramctcrs,  tllc l)roton

gyrofrcqucncy  flj)is955rad  s- 1, tl]c dcctroll  ~;~’loflc[lll(:llcy  Qr is 1.76 x 106 rad s- 1, tho

dcctrcm ldasn~a,  fmqucncy IJ, is 1.’26 x 107 rad s- 1 , and tllc I)MOIJ l)lasma frequency

1 11) is 1.3 x 104 rad s-]. ‘1’IIc lmtoll  inertial  lcllf;tll,  lj)/f)j) i s  1 kll~. ‘J’lIc  clcctm] and

lnoto]l  l)cl~yc:  l(:llp;til)s alcO .5111. ‘1’IIc dcctric fidd  ill tile sl)acwraft  fralnc is 310 I(IN s- ] x

o.l Gallss = 3.1 V in -1. ‘-1’IIc above solar wil]d lmral]lctm arc sum~llarizd  ill ‘J’alk  1.

111 tlllc Slnall  Solar l’rol)c IIlissioll, a ]]cat sl)icl(l  is IImssary  to l)rotcct  the scimtific

illstllll)l(~l]tjs.  ‘1’llc illstrunlcllts  rmnaill  ill tllc slmwcrafl  ullll~ra  all(l am ill all (!ll~’ilolllll(~llt

of 20’’C~.  Wit, h It]Ic curm]t  sl)accc.raft  desi~;ll, h’igllrc  2 , lllc llcat sl]icld cmlsists of Carlmn-

Carlml  lnatcrialo  I~uc to tlllc cxtm)m tc~l]l)(!lt~ll~l(:  of tllc llcat shield at 4 1/s ( N ’2100

K) ,  some  carbon  molcculcs arc cva)mratd  by t 11(I st ronp;  solar irra(liatioll.  ‘1’llcy arc

l)llotoiol]i~,c(l  by sola] IJV and also cmatcd  Iry clcctroli ilnl)act iollizatio]l. ‘J’lIc sllidd  IIlass

loss Q is rcquird  to bc ICSS tllall  2.5 III:, s- ] al lm’illdioll (Ila  IIdoll  JII [1991]). lllstcad

of tlllc  ]Icutral CZ dmlsity give]] as Cqllat$ioll  (1 ), ~t’e llsc a hlax~vclliall  distril)utlion  (wit)]]

l)cal{ flux at tllc sl)acccraftl  surf am) for e.a.w of collll)llt:llioll”. ‘JTllis lllctllod ovcrcst,inlatcs

tllc ]lu]nlmr of Cz atlmns at I > 1/0 (21{(,  is tllr s~mcwraft (lillwlwio~l ) and tllcrcforc  is a

‘ram  1

Fig.2

worst,-case situat,io~l.



:3 M o d e l

.A full-l) articlc  simulation code is used to study  il)llolllf)p,(:lleiti(:s  i]] a solar wi]ld slJacc-

Icra,ft, il]t, ~ra~t,iol~.  lllc first usc 2-dill)cllsiollal  KJth41)0  code  to sol~w for tile clcctromag -

Ilctic and clcctlmstatic  fields and for l)articlc tfrajcctorics. h4axwcll’s  equations arc solvd

by a lcal)-frog  scl)c]nc  for time advallcmcnt  and a cm]tcrd dif~crclltial  sc.llcmc  is usd for

sl)at, ial (liffcl’clltliatiC)ll.  TIIc cquatiom+  of lnotion for l)articlcs arc sol~d  wit]l a I\uncmall-

1 kwis Inctllod (JWdsdl  d d. [1985]). 1]1 our silll~llatioll l]]odcl ( sw lrip,urc 3 ), a half OIXV) Fig.3

lmllldary  collditiol]  is adq)tcd. ‘l’llatl  i s ,  dallll~il)p;  rcp;iolls  arc added ill MI] ~: lmulld-

arics and lmioldic l~oundary  Collditiol]s  arc used ill tlllc  ~) dime.tioll. ‘J’llc l)lasll~a  waves

)mq)agatinp, in tll]c x d i rec t ion  arc  dall~lml  llcar tllc cdgrs of Illc silllulatioli bm ( sec

Figure  3) and l)alticlcsalcllot  traced lmymld  Illex:  0,0:,,,,,,,  Im]ldary. .?,,,,,,.  rcl)rescnts

tllc size of tllc system including tlllc dallll)illg  rcgio]]s. At tlj(’ C(I]JIC] of tl]c systc)n wc

l)ut in all in terna l  boundary  which corrcslmnds  to tl]c slmwraft. ‘J’llis  is i]ldicatcd by

tllc slladcd lm of size 21(.. 111 this ]nodrl a l l  l)ariiclcs ilnl)illgillg  Illmn tllc sl)ac.ccraft

surface arc al.x;orbcd,  that is, tjl}c rcflcctiml  cmfficicllt of tllc l)articlcs at tllc sl)acccraft

surf am is assunlcd to be mm. ‘J’IIc lmtcntia]  of tllc slmcccrafl is calculated from the

acculnulatled  c“llarge  usin:;  a  cal)acitallcc matrix  llldl]od  [llocblcy  awl Mwimod,  1988].

‘1’lkc solar will~:l  f l ows  along 2 axis frol)l l(:ft-to-lig,l~t  all(l tllc solar wind ]nagllctic fickl

IIas all angle 6’ rdaiivc to tl]c flow direction and lies I\’itllill  tllc .?:-- ?j l)la]lc. Wrc cl~oosc

tlllc  sl)acccraftj as our frame of rcfcrmlcc. ‘1’l)c cxtcrllal  electric field has an il]tcnsity  of

- ~{, x ~JOo ‘J’]lisisill  t,lIc -z(lilcct,i{)ll,(:.p,.,  i]]tc)tllcl):ll)[’1. III order  tosilnulatc  au OIJCII

Imllldary systc~n, tllc solar wind lmrticlcs aIc illjcctd  fro]]) Imtlll  cllds  (hccausc  of tllc

large tll]crll)al  vdocities,  some l)articlrs  cl)ter tl]c lm frolll

wit]] a mlstant, ambient flux which is Calmllatd  fmlll tl]c t
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tllc right side), .7: =- O,x,,,(,T,

lulllal  velocity a])d tllc solar



‘J’able 2wiIId vclocit(y  l~qti,.

‘1’ahlc  2 gives the mode] ~mralnctm. \3Tc find t,hc dcctron  Ma, ion sound hflacl]

II UIIIIKY  ald Alfv6~) macll ]~umkr arc 0 . 0 1 3 ,  5.0 a]ld 0.4, rcslwcti~dy.  N’otc that  t h e

flow SIXXK1 is su~m-smlic  but  not sulmr-Alfv(n~ic. ‘1’11(! CJlaractcristic  frcqumlcics of cad]

slmcics areclloscll  tlo mainsail) rcalistlic  ratiosrdativc  totllc(:lc:ctfroll” cyclotron frcqucmy.

‘J’llcdriftl, icm thermal and ion sound vcl(]citicsalcill(licatc(l  u’itll a l’i]lllcll(lll)lali~c(l  to

tl]c solar wind clcctlmn  tlhcrmal vdocitfy. Mar wind clcctlmls  and ions arc cmsidcmd

to }M isot,llmnal.  The mass ratios of tllc CIwtro]ls, l)rotolls and Cz ions arc assured

to I)c 1:16:100  ill our simulatio]l. ‘.l’l]c co]lll)rmml  lnass ratio is l)wcssary  for wsolls o f

collll)lltfatliollal”  dficicncy. ‘J’hc tllmnal  vdocity  of Cz-origil]  clcctmts is assu~ld  to bc

10 {imcs smaller IIllal) that of solar wind dcctmls. ‘1’1)0 tl)crll]al  vdocity of Cz ions is

wry s~nal],  ald tfllcrcfore tl]c ims call k assu]~lcd  to lw a cold bcaln ill tllc s o l a r  wind.

1~ip,urc4  sllo~~’stlllcv[:locitly  distribution] fullctlioll  Ilsc{l  ill tll(:(:ollll)lltcrsil  l-llllatiolis.” l’ig.4

4  3kwlts

WCIM0111]4  c()llll)llt,or  sil)llllati()lll  lllls\~itll(  liflklcllt\'~ll  llcs()ftl  lr:lllgl c()ftllccxtcrllal

l)lagl~ct)ic  field rdativc to tllc solar wind flow direction and Cz dcllsitics. l’aran)ctm for

cad] silnulatlion  Iwn amlistcd  illrJ’aldc3. W’c first lx:rforll]  :~cc)llll)llt(:lsi  lllllltlti[)ll wi thout

C?lmrtficlcs(d==  3()0) tl{)i{lclltfify  li'lltltl  iillcl(  )f\!':lvcsa  lc`g(!llclal(:(l(lll  ct()tll(! sl)acccrafl-

sola].  wil)d int(?ractjion vvitlllout ~)ickul)  io]ls l)rwcllt. WC (10 t,l]is fol” basclillc illformat,ion.

N e x t  w l)utl the C’z l)ickul) ldasl]]a  into tllc syst(’111 al)(l c.o]]llmrc  tllc diffcmlcr I)ctlwccll

twocascs  at three difl’mmtl  Ovalucs  (U=- (1 °,300aIId  900).

1''iglllc5  (Il::l)ictstl lctlilll(!cl'  C)lllti()ll()f(Fl)  total m]mgy, (1)) dwtricficld, (c) lnagl~ctic

field, (d) tlllc:l]llll]l~  cr[)fsc)lal]~ill(l clcctrol]s, (c) tll(:llllllll)( ’rofsol:~l\\il  l(ll)lotolls,  (f)
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tllc ]luml.m of Cz-origin  clcdro]m,  (g) tile nulnlmr of C; imw a]ld (II) total  ]Iulnlm o f

lml(,iclcs, rcspwtivcly. 'l`llcsilIltllatli()l  lsystcllll  cacllcs;l stea[lystl;ltcat  t)imcflttm  300.0.

‘J’II(! total time of tl]c simulation)  mll is flCf == 655.4.  ‘.l’his silnulatiol] time corrcslmnds

to Illc o]le C; ~yro]mriods. ‘J’hc frequency rc!solutioll is QC?.+. ‘1’hllS,  t]lC SJWtC!lIl  l’CaC]lCS

st,cady stlatc ill w 0.4 flCZ+ . h’ig.6

Fi.gurc  G  SI1OWS tl]c solar wind cl(!ctron  ( a )  and I)mtoll  (b) dmlsity  profiles at tilnc

(let = 655.4 whm] tllc C’z ions am not, l)rcwnt. ‘1 ‘Ilc dm)sity  mltour lcwl  is lmlnaliz(!d

I.)y t,llc  solar wind undisturbed dcllsity ?){). A vmy s]l)al]  wake rq;ioll dcvclolxi  Mind the

sl)acccrafl,, hut  no shock nor d(!llsit,y  clillallcm]lmlt occur. F’ig.7

‘J’IIc llcxtl  3 cases (1’igurcs ‘7, 8 and 9) illllstrate  tllc d(!llsitics WIJCII  Cz ions arc l)rcscnt.

Figure! 7 is tllc case where tlic cxtcrllal ]I)ap;l)dic  fidd IIas al] allg,lc  of 0° rdatiw to the

solar wind flow direction. ‘J’lic dcllsity lndiles of tllc solar wind electrons  (a), l)mtolls (b),

Cp-orip,in  clcctlrolls  (c) and C; imls ( d )  arc Sllowll,  ml)cctiv(!ly. A  solar uilld  ion ~iali~

is fomlcd lxlliml  tlIc s])acccraft (see l)a]]rl (b)). ‘J’llis  is l)ril]larily  caused l)y tllc Cz ion

dm]sity  cnllallcclncllt near tllc sl)acccraft (sl]o~vl]  ill IMI](I1 (d)), disl)lacing tllc solar wind

l)rotol]s.  ‘J’IIcw is a C2 ioli density l.)uilciltl)  ill tllc vici~lit~  of tllc s]mcccraft (I}al]d (d)).

‘J’llc largy!st  dmlsitics are oll t$llc ul)strcal]]  side of tl)e slmmr~~ft. Wllilc tllc ]icwly creatd

L’j imls arc r(!]novcd slowly froln tl]c vicinity of tllc sl)acccraft,  t lIC C’z-origil] clcxt  rolls

arc carried away wry fast by illt(!ractlillg;  wit 1] tltc solar wind c!lcctrolw l)iflusioll is tlhc

IIlaill  mm]) for tl]c ral)id rclnoval  of tllc C; -origin clectrmls. ‘J’l]c  cl)arg;c scl)aratioll  of

tlllc  C; ions fmn tlhc Cz-origill  dect)rolls  cmatcs  all dwtric field ill tlllc vicinity of the

slmcccraft.  ‘1’]lis  dcctric  fidd  l)MSIICS  t]lc C; ions ill ul)strmln  dircctiol]. ‘J’llc I’otcntia]

structure ill tlhc  vicinity  of tllc sl)acccraft will l)c sllow]i  ill l“ip,llre  1 ().

‘1’llcrc is also a small rcgio)l of dowllstrcalll IImlsity cllllallcclllcllt  just Miilld  tllc

slmccraft.  ‘1’I]c cmsc of this c~]lla~lccl]mt  is tllc focllsi]]p;  rfl”wt (Aljw?f  [1990]). lJig.8
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As the tllc angle of t,hc maguctic  field rclat iw to tl]c slmcccraft vc]ocity  incrcascs 1+’ig.9

(Iriglllcs g all{] 9), lllOIC C,’z ~]cc.t,l[)lls  alc carricc] a w a y  flol]i tll(~ sl)a~~~raft. ‘J’l Ic ~~’p i~lls

agail] build u]) m tl]c ul)stlrcaln side of tllc slmcmaftlo F’or tllc O == 30° case, tllc alxdutc

dcllsitlics arc almost  the same as tlllc  (1 == 0° case, hut, tllc C; ion dmsity structure is now

mud]  lmadcr ill ang]c. ‘J’llis  is kmsc tllc C; io]ls call flow along tllc ]nagnctic  fidd  and

arc acdcratcd  by tl~c solar wind dcctlric field (llotlc tllc! asymmetry ill the y direction).

‘J’l)crc is also a~aill  a lligll-dmsity,  llarmv (Iowllstrcalll  (’llll:~ll(:clll(:llt  r(!gioll.

h’ip;uro 9 rcl)mcnts  the solar wind slid Cp l)l:ls]]la  duisi(y ~vitll  tl)c saInc fommt  as

tllc 1 nwious  FiIgurc but for d =. 90°. 1 Walux: of tll(! ortl]ogollal  field oriclltatio]l,  the

C; dmlsity cnllallcclnclltl  in tl]c uljstrcal)l rq;ioll is ]lmv syllll]lctric almut  tllc y direction.

‘J’lIcrc is also IIOW a lack of all (!lllla!lccllmlt  ill tile dow]lstrcal)]  rcgim. F’ig.lo

l’i~llro 10 dq)ictjs  tl]c ])otc]ltlial structure arOIIIId tllc sl)acmaft wit]l a I)ird’s cyc vimv

for tllc O :-90° case. A ~mtcnt,ial hill duc to cllar~,c  sq)aratioli  mists Imllilld tl]c s]mccraft.

‘JIIIC lmtcllt,ial  of tllc sIJacccraft itsdf is not afkctd  I]jucl]  Iy slmc.ccraft,  charging  cflcctls.

‘J’IIc lmtm]tia] at, s])acccraft surface is al]]lost 4 tilncs llIC clcctroll tllcrmal  mlmgy ( KI;7} ).

‘J’lIc  col]cs])[)]~(lillg electric fidd  is w 2.0 x 10- ‘:) V 111- ] , a wry low waluc.  ‘J’his lwtcntia]

is camcd  Iy tl]c C; iol]s in tllc vicil)ity  of tl)c sl)acwraft. ‘J’])(I l~laxillmlll of this lmtcl)tlial

li(!])t  10W (llIC ‘to tlllC! ])l(XC1lC(!  O f  I)adigl’ollll(l tll(’l”lllal  Cl(’Ctl’OllS. ‘J’l]c  lllaxilllulll  of this

lmt)clltlial  is w 4t:IJ?~ ~ 5.6 x 10- ‘Pc?’g. ‘J’IIc drift  c~]ug)y  of tll(!  solar wind ]wotoll  i s

~ 7.5 x  ] 0- ‘“wg. T]IUS, t,llis  sl)ou]d IIot,  ]cad to ally illt(~lf(!l(’llcc  w’itl) solar wind l)laslna

dctcctioll. l“ig.11

Figures 11 and 12 snow tllc wave s]mtra alol]g t Ilc x axis at y/~Ij z 17.() ( pad
Fig.12

(a)) al,d 25.2( *,a*)d (b) ), rcs~mtiscly. IPigurc  11 sllmvs tllc lval’c slmctra  Ii’llcll  the C;

l)lasllla is prcwnt. 011 tllc otllw  llalld, F’ig,urc 12 corrqmlds to t 11(I case whml tllc C;
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imls arc l]ot ]Jrcscllt(. Wc callnotj scc any kind  of wa~’(! ~,(!llcratioll  in tllc vicinity of tllc

:+l)a~~}~la,ft, duc to tfl)c C; ]Jlasma.

S Instabilities

III this  Smtim, M’C will com+idcr  two lmic jdasma ilistal~ilitirs  rdatd to lmv F’rcqucncy

(hill]])  waves  wllicll m a y  occur ill tl]c vkinity  o f

i]lstal)ility al]d Ill)c otjl]cr a no])rcsol~alit  illstal)ility.

tl]c s))acccraft. OIlc k a rcsollallt

5.1 Resonant Instabilities

WC fi M consider ihc rcsw Ial)tl case. 1 IC1OW is t II(I Col]ditio]l  for rmolla]lce bctwum  dcc-

tlrol]lagllctic  warns and rillg-lw.am imls.

&) - k . v ~- Ilflrq-l

whmc w k t,llc Wave frcqumcy,  k t,ll(! wa~’c vector. v

(3)

tl)c vdocit)’  of tllc iou, and l] is all

illt,cg(’1’ 0, 1, 4 2!,... . 1+’0] siml)licit,y, MW only will discuss tllc first ord(!r rmmlanccs  ( n = --1

for ri.glltl-lland  :modcs).  in tfllc rcsollallt iml-lwaln  case, tl!c llcat sllicld imls ovcrta]i(!  r@ltl-

1) al )d waves. ‘J’llmup;h  al] anomalous Ikq)l)lcr shift, t ]Ir iolis smisc tll{! ]va\m as ICft-llandcd

(tl)c salnc smm of rotation as t],{! k,~, gyratiol,  almt 11), a~ld rcso],al)cc  occurs wl~c]i:

(4)

l’rmn tlllc  almvc expression it call 1)(I llotcd that tllm call]lotl  I)(I a  rcsollant, illtcractioll

if t)l]c IJartliclc  para l le l  (along IJ)vclocitly  k less than t 11(I Jvavc ldlasc slxml.  l’m])l tlhc
-1  r~l~~t,iv(,  to t,]lc solar wjndl)rcvjously  gh’cll  nulnlmls,  tllc particle velocity is 330 IiIll s

l)lasllla  and

illtfcractlioll.



5.2 Nonresonant Instabi]itics

]b’or l~onrcsonallt  inst)ahilitics,  the ion Imln d(!lwitics  IJIM b[! 21 YO of tll(! alnl~icnt  ]Jlasma

dcnsit,y al id/or Ihc beam vdoci ty 2 10 to 15 times  th c wave I )11 asc velocity ( WZTMkC  and

Gwy  1986). }?Tc llavo already discussed tllc later  and llavc uotcd thal l~b,,,,,, << 1$,, thus

tlllis  condition is not met. ‘1’hr Slnal] Solar l’mbc  heat shidd dcsigll  is for a maximuln

outgassing  of )Icutrals  of 2 .5  Ing s- 1. Oln’iously  for distances fllrtll(!r than  41{s, tllc

t(:ll]])(:latlllc  awrl outlp;assillg  will lx! considerably lmso IJsilk:;  tllc ahovc!  lilllnlms  and t]lc

llcutral  vc]ocitly  of 1 km s- 1, wc get, a productioli  mtr of I ()’ io]]s c])l- ‘) s- 1 at 3 k]nl the

C; iol] ~;yroradius. in tllc O =- 90° case, t ltcsc io]ls arc ral)idly swq)t away l)y tllc solar

wiud l)]aslna  at tllc vdocity of 310 1{11] s-” 1. ‘J’l)c “ lmal]l” dellsily is tllm over 4 orders  of

lna~llitudc  less tjllall  t$llc solar wind density of 2 x 1 (V cln- 3. lkcausc Ilcithcr of tile two

~cclllil’(:lllcllts  arc Inctl for tll]c nonrcsmlalit  ilkstal  )ility,  \vc vmll(l cxlmt 110 v’a~’c gm]cration

fronl tl]is ln(!cl)al]isl)).

6 sllmnm’y

WC  l)avc Iwrfomd  4 coml)utm  silnulaiiol]s, o]ic Ivitllollt  CZ iol)s al)d otl)us  wit]] Cp iol]s

m)d O =- 0°, 30c’and 90°.

‘J’llcrc  is an ul)strcam  C; density fcatllrc for all cmcs of O. ‘J’lIc  dclmity  cllllallccl]mlt

IIas a ~nagllitudc  of w 4?/,,. ‘J’l]is dmsity mlllallccl]}(!lit  is callscd  l~y the cl]argc sq)aration

of C$ ions a)l(l clcct)mns. ‘J’llis  sl)atial strl~cture is colnlnm]ly  sm) for all cases of U. ‘J’l~c

slla]m of tillis  dolsity  fcatlurc is dqmlld  oll 0. ‘J’llis is dllc to tllc v<,,,, x IJ drift, of the io]ls.

‘1’llm is llcgligiblic  Imtcntlial near tl}c sl)acmafl  o]l tllc solar side. I’llcrc! is a small C;

dmsity wake bd]illd  tllc sl)acccraft for all cases CXCCI)(  ~ffliell  O = 90°. ‘J’hc dmsity  is

again N 2?/(,. ‘J’])(! causes of this is a focusilig;  dl~’ct. ‘J ‘Ilm is a l~~(’a.slllo;~l~l(!  sl)acccraft
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jmtmltial  hut  quite slnal] w 2.0 x 10- ‘$’ V ln- 1. We also colnl)aml  tllc ])Cal{ (mcrgy of tlhc

IImtlmltial  stlructllm with  tllc drift  energy of tllc solar wind lnotolls. WC cm] finnd t,llat

tllc solar wind flow is not aflkctrd  by this ~mlmlt,ial.

WC also clldml tllc wave illtcllsity in tllc vicil)ity  of t IIc slmcccraftl. WC could  not

find al~y cllallgc  ill the  frcqumcy  slmtru)ll  duc to tl[c L’; l)las~na.
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l’aralnctcm valu(’
- .—— . —— —. -——..  —
lknsity ?/o(cIll- 3, 2“ 105

An~l~icnt 11 field ~JC)((;auss) 0.1

l’;lcctml] ‘1’hcmal  }Telocity l! ((’111 s- ‘) 5.6”108

l’rotlon Tllmnal  Vdocity ~~ ((.,,] s- I ) 1.3” 107

ltlcctloll  (;yl’ofI’c(lll(  !llcy fl,./27r(l17j) 1.76. lo~

1’1’01!011  (;yl’c)fl”c(]ll(!llcj’ flj/271(117j) 960

l’;lcctm] IJarlnm ]{adius OC(C1ll) 3.8.102

l’rotcm l,arl]lor  Radius OI(C1lI) 1.4.104

}’;lcctl’on  Plasma  lk’(]ll(!llcy ]]v/2x(]]z) 25. lo(i

I’rotml I’lasma F’rcqumlcy ]~i/2T{(~lz) 5.9. I(P

I )C!byc IJ(wq;tll A], ((”lll) 22.()

Alfv6]l Velocity k’*(~11]  S-  ‘ ) 1.2. I($

Alfv6])  14acll  iVuIIIbcr A 1,4 0.3

10]1 Sou)ld Velocity 1~((’111 s“]) 154.105

SOund h[acll Nulnbcr AL 2.()

L’2 ionization rate 7 (WC-I) 0.017
— . . . . . .——
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—-:-.——  .——-— —=—-—. ..—

l’aralnct)crs

ltlcclmn  l’lasma  Frcq. ll(./fL 4.0

1 ‘lotloll  Cyclot’rml F1’cq. ill,/flc 1.0

l’mt on I’las]na Frcq. II,, f(lc 1.0

l’mtcm ‘1’hmnal  Vcloci{ly 1(,/1<. 0.1

Lq Cyclotrol)  Vlq. flcp, /(1. 0.04

C; I’laslna Fmq. 11.23 /fL 0.01

L’; ‘1’llcmnal  Vdocity Vcq /1<. 0.001

Maw ratio ‘///[:2 : 7)),, : ?l?~ 100:16:1”

1 )Cbyc ICllgt!h A,)

S])acccraftl  Size I{O/AI)

Alfv6n Velocity VA /\{.

l~lcctml] IMa p<,

l’laslna  ]“)riftl  Vdocity l<l/l~c

ljigllt Slmxl c/\{%
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l’igurc  I (): l’ol.xmtial  s t ructure  ill t(llc vicinity of tl)c slmcccraft. llottolll  ]Jalld dcl)icts

a colltlour  lnal)l of tlllc  lmtlcntial  stlmct,  urc. lJl)lm lrft slid U1)lNV  rigl]t figures SIIOW tllc

IJrojectiml  of tlllc  potfmtial  stfructurc onto tl)e I) - x l)lallc and ~J - y l)lall(’, rcslmtivdy.

1 ‘otlmltlial  energy c~~ is nmnalizcd  wit]l tllr solar ~villd  tl]m]lal cllcrgy  }:7’ w 1 OOcV,
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